Abstract -Formative assessment is a practice aimed to enhance teaching and learning and to develop self-regulation. Among the strategies for activating formative assessment, the provision of feedback is one of the most studied: good feedback helps close the gap between actual and desired performance and it promotes selfregulation. Automatic Assessment Systems can improve the practice of formative assessment, especially for the immediacy of feedback and the flexible solutions for questioning. In this context, the Department of Mathematics of the University of Turin has developed a model for automatic formative assessment using an automatic assessment system suitable for STEM disciplines. The key features of the model, grounded on the models from the literature, are: availability, algorithmic questions, open answers, immediate feedback, interactive feedback, and contextualization. These are detailed and discussed through evidence gained from three experimentations, involving the total number of 553 students. In particular, it emerges that the use of interactive feedback ensures that students process the information from the feedback and use it to improve their performance, thus solving the major problem raised in the literature that feedback are not useful when students do not read them.
I. INTRODUCTION
Assessment, technology and learning is a trinomial that has been filling the pages of the educational research for the last thirty years. Since the origins of humanity, learning has always been supported by various kinds of technologies; nowadays, with clay tablets being replaced by electronic ones, we wonder about their effectiveness for improving the quality of teaching and learning. Evidence-based researches show that the use of a computer does not impact learning -as an example, the effectsize of computer-based instruction calculated by Hattie in his huge work of meta-analysis is 0.37, a value that is not considered particularly high, if compared with the 0.7 or 0.8 of the most effective methodologies [1] . Even lower is the effectsize of web-based learning, which halts at 0.18. However, Hattie has noticed that, in the studies analyzed, when the use of digital technologies was associated to different learning strategies, student-centered approaches or teacher's training, the effect-size increased significantly. This means that digital technologies, as well as other instructional tools, are not effective per se, but they acquire relevance according to the way they are used.
Nevertheless, digital technologies do have a slight difference with respect to other kind of technologies: they are interactive [2] . Thus, with computers it is possible to create materials which respond in several ways to the learner, giving prompts and feedback. Moreover, web-based application make it possible to interact between peers or with the instructor, even when they cannot meet physically. When these features are deployed, there is evidence that digital environments have a positive impact on motivation and self-confidence, which are important factors in the promotion of life-long learning.
The potentialities of digital technologies can offer new rooms for assessment, due to the capabilities of computing grades and offering feedback in real time. If the aim is to enhance learning, the immediate information given to students and teachers by digital technologies can support and promote the processes of formative assessment [3] . This paper intends to contribute to the research about online assessment by proposing a model of automatic formative assessment and interactive feedback for enhancing learning and self-regulation, developed by the Department of Mathematics of the University of Turin. After a brief review of the literature in the fields of formative assessment, feedback, self-regulated learning and online assessment (section II), the paper shows the use of a testing environment for STEM subjects to enhance learning (section III). A model of automatic formative assessment with interactive feedback is detailed and discussed according to models from the literature (section III). Three different experimentations are then reported and their results are discussed in the light of the models of the literature (section IV). The paper ends with some prompts about the adoption of the model in other subjects (section V).
II. STATE OF THE ART

A. Formative assessment
The term "formative evaluation" was coined by Michael Scriven in 1967 in opposition to "summative evaluation", to describe a practice aimed to collect information during a course in order to develop the curriculum [4] . The term was borrowed by Benjamin Bloom one year later to indicate a strategy for mastery learning, namely a set of diagnostic-progress tests which should assess the achievement of the small units in which the program was divided [5] . According to Bloom, this strategy should motivate students to forge ahead with the learning path; each test should ensure that the set of learning tasks included in the unit is completely mastered before proceding to the next one.
In 1989 D. Royce Sadler contributed to the definition between summative and formative assessment, theorizing that one key distinction lies in feedback. Sadler conceptualizes formative assessment as the way learners use information from judgments about their work to improve their competence. According to Sadler, the distinction between formative and summative evaluation is not a matter of timing, but relies on purpose and effects [6] .
Since the nineties up today, the concern about formative assessment has grown to cover one of the major issue in the educational research. The contributes of Paul Black and Dylan Wiliam stood out in the development of a theoretical framework for the formative assessment. The definition they gave, well-accepted in literature, is the following [7] :
"Practice in a classroom is formative to the extent that evidence about student achievement is elicited, interpreted, and used by teachers, learners, or their peers, to make decisions about the next steps in instruction that are likely to be better, or better founded, than the decisions they would have taken in the absence of the evidence that was elicited."
In [7] formative assessment is conceptualized through the following five key strategies:
1. clarifying and sharing learning intentions and criteria for success;
2. engineering effective classroom discussions and other learning tasks that elicit evidence of student understanding;
3. providing feedback that moves learners forward;
4. activating students as instructional resources; and 5. activating students as the owners of their own learning.
B. Feedback
The provision of feedback is only one of many strategies for formative instruction; nonetheless, it is probably the most distinctive and object of deep studies. The power of feedback emerges in Hattie's metanalysis where, with an effect-size of 0.73, it results one of the most effective strategies for learning [1] .
In the light of the results of the metanalysis, John Hattie and Helen Timplerley conceptualized feedback as "information provided by an agent (e.g., teacher, peer, book, parent, self, experience) regarding aspects of one's performance or understanding" [8] . In that context, they provided a model for constructing effective feedback. Purpose of feedback is to reduce the discrepancy between current and desired understanding, and it can be fulfilled both by students and by teachers. Effective feedback must answer three main questions: "Where am I going?", "How am I going?", "Where to next?". That is, they should indicate what are the learning goals, what progress is being made toward the goal and what activities need to be undertaken to make better progress. A feedback can work at four levels:
• task level, giving information about how well the task has been accomplished;
• process level, showing the main process needed to perform the task;
• self-regulation level, activating metacognitive process;
• self-level, adding personal evaluations and affects about the learner.
A major concern raised by many authors is that learners often do not go through feedbacks, which thus lose all their potentialities [9] . Sadler introduced the idea that feedback really works only when it is used to alter the gap between current and reference performance [6] . If the information is not, or cannot be, processed by the learner to produce improvements, it will not have any effect on learning. In order for feedback to be effective, students have to (a) possess a concept of the standard (or goal, or reference level) being aimed for, (b) compare the actual (or current) level of performance with the standard, and (c) engage in appropriate action which leads to some closure of the gap. These conditions should be fulfilled when feedback is inserted in a context of formative assessment as theorized by Black and Wiliam.
Black and Wiliam argued that positive words of appreciation that concern the self-level can encourage the learner to process the whole feedback and use the information gained [7] . Since feedbacks at the self-level, as praises and rewards, are shown to be very little effective [1] , this is the reason why they are included in a framework of good practices.
C. Self-regulated learning
The practice of formative assessment is strictly linked to the development of self-regulation, that is such an important skill to be listed in the key competences for lifelong learning by the European Council [10] . According to Pintrich and Zusho, "self-regulated learning is an active constructive process whereby learners set goals for their learning and monitor, regulate, and control their cognition, motivation, and behaviour, guided and constrained by their goals and the contextual features of the environment" [11] . Self-regulated learners are self-confident and resourceful when approaching to a task. They are aware whether they know something or not. They are systematic in their study and find a way to succeed also in unfavorable conditions [12] . When engaged in learning activities, self-regulated learners generate internal feedback that monitor their choices, and they actively interpret the external feedback. External feedbacks, when they are wellthought, can help the development of the processes of internal monitoring and self-regulation. David Nicol and Debra Macfarlane-Dick have individuated seven key principles that feedback should satisfy in order to enhance self-regulation [9] . Good feedback practice:
1. helps clarify what good performance is (goals, criteria, expected standards);
2. facilitates the development of self-assessment (reflection) in learning;
3. delivers high quality information to students about their learning;
4. encourages teacher and peer dialogue around learning;
5. encourage positive behaviours, motivation and selfesteem;
6. provides opportunities to close the gap between current and desired performance;
7. provides information to teachers that can be used to help shape the teaching
D. Online assessment
In a context of Technology Enhanced Learning (TEL), many systems have been studied to scaffold self-regulation and to guide students to develop autonomy in monitoring their processes. In particular, TEL environments support metacognition and self-monitoring when they allow learners to go back through their actions and reflect upon their learning processes or strategies. Moreover, assessment can be managed in order to increase students' choices (e.g. through accessibility and availability), to compare their work with exemplars or peers and to show the artifacts produced (e.g. with portfolios). In addition, technologies offer opportunities for personalization and adaptivity, which create a favourable condition for the regulation of their learning processes, which include the learning environment [13] .
Nicol and Milligan have declined the seven principles for good feedback practices into strategies using TEL environments. From their analysis it emerges that online testing can be successful to accomplish the seven key strategies. We will list some of the advice which mainly concern online assessment.
1.
To help clarify what good performance is, students can be given an exemplar of standards, or activities that encourage them to interact with, and externalize, criteria.
2. To facilitate the development of self-assessment, online objective tests can be useful for students to assess their understanding of a topic. In particular, multiple attempts help foster skills acquisition.
3. An online environment can increase the flexibility and range of feedback to deliver high quality information to students about their learning;
4. One idea to encourage dialogue around learning in an online or blended environment is to distribute randomized questions with casual parameters such that all assignments are different, and to prompt discussion and collaboration. Thus discussions will focus on the solving processes, and not on the results, of questions.
5. Online assessment is useful to encourage positive behaviours and to raise their motivation and selfesteem, since students can privately assess their understanding without comparing performances with others. In particular, repeated attempts are highly motivational.
6. When students can resubmit their work they have the opportunity to use feedback information to close the gap between current and desired performance.
7. In online assessment, all user data are collected and made available both to students and teachers; the latter can thus use information to shape the teaching.
Literature reports several clues and models for creating tasks and generating information that enhance understanding, thanks to the potentialities of TEL environments. For STEM, testing systems supported by a Computer Algebra System (CAS) supports questions that ask students to create objects with specific properties, where the solution is not unique. TEL environments also open the possibilities for generating feedback, that could be, for instance, given in a different register than the expected answer, so that students have to think upon it before resubmitting the solution [14] .
III. AUTOMATIC FORMATIVE ASSESSMENT FOR STEM
The Department of Mathematics of the University of Turin has developed an innovative model of formative assessment for STEM subjects based on automatic evaluation and interactive feedback. The activities developed according to the model are suitable not only for higher education, but especially for secondary schools; they have been proposed to school teachers and students within several training and research projects [15] [16] . The model will be analyzed in the next paragraphs in the light of Hattie's and Nicol's frameworks for feedback, in order to show its potentialities to foster learning and self-regulation. Data from students' and teachers' experiences are also shown to support the first qualitative analysis.
A. An Automatic Assessment System for STEM
The University of Turin chose Maplesoft's system Maple T.A as an Automatic Assessment System (AAS) for online courses [17] . Among all the existing AASs, Maple T.A. was selected for its high suitability for STEM subjects, for its powerful capabilities for assessment, for the robust mathematical engine running behind the system and for the possibility of integration within Moodle, the Virtual Learning Environment (VLE) used by the University to deliver online learning [18] . In fact, in Maple T.A. open mathematical answers can be implemented and graded through algorithms which verify if the student's answer matches the correct one independently of the form. This allows to go beyond the multiple choice modality and to test different and complex cognitive processes. Moreover, it is possible to create variables based on algorithms, random parameters and mathematical formulas, graphics and even animated plots. Thus, questions appear different from student to student and at every attempt; data and solutions can be automatically computed in the algorithm within the question itself. In addition, adaptive assignments can be implemented, so that the next question -or question part -is proposed to the student according to the previous answer. Fig. 1 shows an example of question implemented with Maple TA, where students can check the correctness of their answers through a graphic built using data from students' answer itself.
B. The model of formative automatic assessment and interactive feedback
The research group at the department has studied the effectiveness of the formative assessment performed through the AAS [19] . Here the formative use of Maple TA made in the research activities is outlined in a model, which has the following features.
Availability. Assignments are always available to students, who can attempt them at their own pace, without limitation in data, time and number of attempts.
Algorithm-based questions and answers. In the questions, students find random values, parameters or formulas which make questions, and the relative answers, randomly change at every attempt. This can be realized through the implementation of algorithms running behind the questions. By algorithmic variables, different representational registers (words, numbers, symbols, tables, graphics, schemas) can be shown in questions and feedback.
Open answers. The multiple choice modality is avoided whenever possible, to let room for open answers, where students are asked to respond in one of the different registers listed above.
Immediate feedback. Results are computed in few moments and they are shown to the students while they are still focused on the task. Assignments with no more than 5 questions are advised, in order to increase the immediacy of feedback.
Interactive feedback. Just after answering one question the system can show if it is correct and go through a step-bystep guided resolution which interactively shows a possible process for solving the task. Students who fail to answer autonomously to the main question are asked questions about prerequisites or simpler tasks. At each step, if they give the wrong answer, the correct one is shown to be used in the following step. This schema is made possible by the "adaptive" modality available in Maple T.A. They can gradually acquire the background and the process that enables them to answer the initial problem. They earn partial credits for the correctness of their answer in the step-by-step process.
Contextualization. Whenever possible, questions refer to real-world issues which can be relevant to students as well as for the discipline.
The model proposed is particularly relevant in the issue of making students process the feedback and use the information gained to improve their understanding. In fact, interactive feedback, from a structural viewpoint, is part of the question itself and the step-by-step process is shown immediately, before moving on to the next question. As a consequence, it should help ensure that students go through the feedback after coming to know if their answer was correct. Since assignments can be attempted many times, students can return on the same question that they fail and try the problem again: they will have to repeat the reasoning autonomously. Remembering the results by heart will be useless, as values in questions randomly change at every attempt: students need to learn the process laying behind the question.
The step-by-step guided resolution can be inserted also after correct answers in multiple choice questions, when the probability of guessing the right option is high. In this case, if the student answers correctly because he knows the answer, subsequent questions will have the function of asking for a justification; otherwise, he will have the opportunity to see and enact a correct solving process.
Contextualization contributes to the creation of meanings and to a deeper understanding, as students can associate abstract concepts to real-life or concrete objects. To the same purpose, the open-ended questions make students activate a wide range of cognitive processes; moreover, they make the question design more flexible.
An example of question built according to this model is shown in Fig. 2 . The first section shows the contextualized problem; the other ones are the interactive feedback which lead students to solve the problem step-by-step.
On the base of the studies of the literature summarized above, we can affirm that the structure of the assignments created according to this model can be highly motivating for students, who can attempt questions many times when they are ready and when they have time, and who can individually verify their understanding and compare with others their learning, not their results.
C. Analysis of the model according to Hattie and Timperley's model of feedback
To verify if the questions developed through this model can be effective to reduce the gap between actual and desired learning, we will analyze the feedback information using Hattie and Timperley's model.
Interactive feedbacks show students the learning goals providing a sample of good answer. They can indicate the exact point where students stopped, because they made a mistake or didn't have the background needed, thus giving information about the progresses made. Finally, they show the next step to drive students to the full accomplishment of the task. Hence, interactive feedback answers the three questions "Where am I going?", "How am I going?", "Where to next?". Three levels can be identified:
• Task-level: it is the information about correctness obtained immediately after submission. This information is given firstly in numeric form (the percentage of correct response of the whole test), followed by the list of questions with the user's answers, matched with the correct ones.
• Process-level: interactive feedback, in addition to information about correctness, also provides a sample process for solving the task. It is interactive and integrated within the test before the next question, in order to avoid students passing over it.
• Self-regulation level: when engaged with the interactive feedback, students can locate the stage where they had difficulty, the exact error or their missing prerequisite. They can learn how to self-assess and pinpoint their position along their learning path. The inclusion of the online assessment in a VLE such as Moodle allows students to have a picture of their progresses through tools such as progress bars or completion's tracking.
The fourth level of feedback will not be mentioned here. Unless the teacher adds standard comments in the feedback, such as "good" or "well done", the student will not receive personal words by the machine. It must be said, though, that if self-level feedbacks are not so effective as literature shows, their function of driving students into reading the other information in the feedback is not essential anymore, as this function is covered by interactive feedbacks.
D. Analysis of the model according to Nicol and MacfarlaneDick's model of feedback
To ensure that the assignments developed according to this model are effective in the promoting of self-regulation, we can analyze their features according to the seven key good feedback practices proposed by Nicol and Macfarlane-Dick. In the following list the features of the model through which the good feedback practices can be achieved are listed and explained. 2. Multiple attempts with immediate feedback can facilitate the development of self-assessment; the access to and the revision of the answers given in previous attempts can foster reflection on learning.
3. Through the interactive feedback high quality information can be delivered to students about their learning and about how to close the gap to desired learning. . Algorithmic questions, which vary from student to student, can help encourage the dialogue around learning, since students, to discuss about their work, need to share processes and not results.
5. The immediacy of feedback and the possibility of repeated attempts are useful to encourage positive motivational beliefs and self-esteem.
6. Feedback information can be used in order to close the gap between current and desired performance when students have the chance to resubmit the assignment; in particular, with algorithmic questions, students need to understand and use information regarding the process, not the result.
7. The gradebook collects all the students' results, attempts and times; statistics on the class and on the questions are automatically computed. This information can be used to help shape the teaching. 
IV. EXPERIMENTATIONS
To the purpose of validating the model with experimental data, three experimentations were designed and conducted by the Department of Mathematics of the University of Turin. The three experiences differ in numbers, aims and contexts.
A. First experimentation 1) Methodology
A module of Physics has been developed with the aid of automatic formative assessment during a Physics course for a class of 24 students of 11 th grade. The class had generally little interest for scientific disciplines, as the core subjects of their curriculum were Foreign Languages. The module lasted 12 hours and was aimed to introduce students to problem solving; the contents concerned the Dynamics and Newton's law. 2-hour lessons were held weekly by a PhD student from the Department of Mathematics of the University of Turin, in collaboration with the Mathematics and Physics teacher of the class. Through weekly online assignments for homework students were asked to solve problems with randomly generated data and interactive feedback. The online tests were developed through Maple TA and made available to students in an e-learning Moodle platform managed by the ICT services of the Department of Computer Science of the University of Turin. All the questions were based on physics problems and they had interactive feedbacks which showed a possible process of solution to the students who gave the wrong answer. At the end of the module, students had to answer to a written test with 2 open theoretical questions and 4 problems to solve, and to fill in a questionnaire about the appreciation of the learning methodology. The final test has been developed and graded (on a scale from 1 to 100) in collaboration with the class teacher. The usual teacher methodology, inquired though a conversation, was mainly traditional, rooted in delivering knowledge rather than competence, without any integration with technologies. Students did not have much confidence with problem solving nor with an AAS.
2) Results
The first evidence collected during and after the experience was that the interactive feedback allowed students to autonomously master the problem solving procedures, so that the time in class could be dedicated to a more fruitful clarification of doubts. Time optimization is a necessity in a school system that asks teachers to develop competence, besides knowledge and abilities.
However, major results emerged from the final questionnaire. The answers to the questions: "in general, do you like Physics?" and "did you like the topic of this module?", expressed in a Likert scale from 1 to 5, register an increase from an average value of 2.46 (std. dev.: 0.93) for the general appreciation of the subject to an average value of 3.23 (std. dev.: 0.70) for the topic studied through the new methodology. The percentage increase is 31%.
Students liked the online tests and all the features which are peculiar of the model; in particular, they appreciated their availability, the immediate, multiple attempts, the guided solution of problems, randomly generated data in problems. Moreover, they think that these activities help them to better understand the topics studied. Details of students' answers are shown in Table II . Notice that almost all answers are decisively positive. To evaluate the impact on learning of the automatic assessment, the correlation between the sum of the number of attempts that the students did to all assignments with their mark of the final test has been computed. The R squared value, equals to 0.54, denotes that there is a high correlation between the two variables.
The results of this first experience shows how using the formative automatic assessment can be effective for learning. The number of students involved is low, so general statements cannot be inferred. Moreover, the sudden change of methodology and the presence of a PhD student instead of their traditional teacher could have impacted the students, who could have had a particularly positive attitude because that module seemed to them unrelated to usual teaching. Anyway, motivated by these encouraging results, the Department of Mathematics of the University of Turin went on and designed other two experimentations which could rely on larger data.
B. Second experimentation 1) Methodology
Some sets of assignments of Mathematics, built according to the model previously described, have been assigned to 155 students of 7 different classes of grade 8 th , 9 th and 10 th within 3 months. Table III shows the number of students and classes involved in the experimentation. The assignments were created by the researchers of the Department of Mathematics and shared with the Mathematics teachers of the classes involved in the experimentation. The topics of the assignments were differentiated grade by grade, but homogeneous within each grade, and they were tailored on the teachers' programs. Thus, the teachers could use the materials as school homework for their students. The assignments were delivered through another Moodle platform managed by the University of Turin. The experimentation was designed to preserve the ecological validity; in particular, while in the three classes of 10 th grade the activities were considered supplementary by their teachers, in the 4 classes of 8 th and 9 th grade the activities were naturally integrated within the curriculum. For each class, there were 10 assignments available within the platform, with not more than 3 questions each. All questions were algorithmic, so that the data in questions changed at every attempt At the end of the experimentation students were asked to fill a questionnaire for the appreciation and the usefulness of the assignments for their study. Questions were mainly in a Likert scale from 1 to 5.
From the gradebook and usage data of the platform, researchers have extracted:
• the number of attempts made at each assignment by the whole class;
• for each student, the average grade to all the assignments attempted, calculated in percentage, considering for each assignment the grade of his first attempt;
• for each student, the average grade to all the assignments attempted, calculated in percentage, considering for each assignment the grade of his last attempt.
These data have been analyzed using SPSS 24.0 and crosschecked with the responses to the questionnaire. The aim was to check whether feedback from automatic evaluation was used to improve their understanding.
2) Results
The ratios between the number of attempts and number of students per assignment range from a minimum of 1 to a maximum of 6.9, with an average value of 1.92 (standard deviation: 0.92). The average value increases to 2.29 (s.d.: 1.03) if we consider only students of grade 8 th and 9 th , where the proposal of the activities was better integrated within the Mathematics lessons. These numbers show that there was a high trend to make more than one attempt to the assignments: according to the literature, letting students repeat the assignments is an effective way to make them aware that the information from feedback was useful to improve, as well as to make teachers and researchers sure that the feedback was well built [20] .
Moreover, from the analysis it emerges that the feedbacks effectively made students improve their results. For each student, the average of their grades considering only their first attempt to every assignment was compared with the average of the grades considering only their last attempts through a pairwise student t-test. Statistics of the test are shown in Table  IV . The p-value <0.0005 shows that the increase is statistically significative. Normality of the two variables has been checked through a Shapiro-Wilk test (p=0.645 for the mean of initial grades, p=0.203 for the mean of most recent grades). Students' answers to the questionnaire, shown in Table V , attest that they appreciated the use of automatic assessment. In particular, the peculiar features of the model such as the immediacy of the feedback and the availability of multiple attempts have been appreciated the most. We can argue that finding different values at every attempt was not too much appreciated because it implicated a greater effort by students. Compared to the first experimentation, the wider sample of students and the absence of a researcher in the classes caused data to vary. However, results allow to preserve the good design of the model.
C. Third experimentation 1) Methodology
The first two experimentations used materials entirely created by researchers. The model of automatic formative assessment has been tested also using assignments created directly by teachers for their own students. The experimentation took place within a teacher training course on innovative didactic methodologies for Mathematics, including automatic formative assessment [21] . 16 The number of assignments created and used by each teacher widely varies from a minimum of 2 to a maximum of 42, with an average value of 12.61 (std. dev.: 12.06).
At the end of the experimentation a student questionnaire and a teacher questionnaire were delivered, with the purpose of investigating about the appreciation and usefulness of the assignments for their study. Questions were in a Likert scale from 1 to 5.
From the gradebook and usage data of the platform, researchers have extracted the same statistics as those in the first experimentation. Data has been collected, cross-checked and analyzed to check whether the automatic formative assessment was useful to promote self-regulation.
2) Results
Of the 374 students involved in the experimentation, 325 of them effectively used the automatic assessment (87%). The number of attempts per assignments varies from a minimum of 1 to a maximum of 6, with an average value of 1.83 (std. dev.: 0.87). It shows that the tendency to repeat the assignments is confirmed also for the tests created by teachers instead of researchers.
Moreover, students' average results increased from their first attempts to their last one, as well as in the previous experimentation. The pairwise student-t test supports this statement. As shown in Table VII , there is a significative difference between the two average values (p<0.0005). It shows that the model of automatic formative assessment is effective for making students use the information gained in feedback to persevere and improve. Two questions of the final students' questionnaire were considered for this research: "Did you like doing the online tests?" and "Were the online tests useful?" asked with a Likert scale from 1 to 5. The other questions are not taken into account here as they refer to other methodologies and materials introduced with the teacher training. From students' answers it emerged that they appreciated this practice (mean: 3.40, std. dev.: 1.02) and, most of all, they found it useful for studying (mean: 3.67, std. dev.: 0.88). Students' answers are summarized in Fig. 3 .
At the end of the school year, teachers expressed their opinions through a questionnaire about the impact of the new methodologies on their students. Answers about the automatic formative assessment have been extracted for this research and analyzed. Again, the other questions will not be mentioned here as they concern other topics of the training. They were in a Likert scale from 1 to 5. The main question was "To what extent the use of automatic assessment had a positive impact on the following aspects?". The aspects and teachers' answers are listed in Fig. 4 . Teachers declared advantages in delivering exercises, controlling whether students accomplished them and grading them, which are the immediate advantages for teaching. Moreover, they observed that students' motivation, self-confidence and self-awareness have increased: automatic assessment did have an impact on students' self-regulation.
While the second experience shows that the model of automatic assessment is effective for making students use the information gained in the feedback, the third one shows that the practice is replicable by teachers, after a suitable training. As Black and Wiliam noticed [22] , to introduce formative assessment in a classroom, a radical change of the pedagogy is necessary and, for teachers, it requires undergoing a training path with a continuous support by experts.
V. CONCLUSION
Summing it up, the paper shows a model for automatic formative assessment and interactive feedback for STEM subjects developed by the Department th , for a total of 374 students. Data analysis shows that this model of automatic assessment has been appreciated by students and that it was found useful for understanding. The use of interactive feedback resulted effective for ensuring that students use information to improve their performance, which is a major problem raised in literature. According to teachers, assignments are effective to foster self-assessment, selfconfidence and awareness in one's capabilities, which are basic steps for the development of self-regulation.
The design of questions and feedbacks according to the model requires that the instructors carefully consider the way questions are asked and the processes involved during the resolution. This reflection over assessment entails the professional development of the teachers, when they build activities for their students. It happened in the third experimentation presented above: with an appropriate teacher training, also teachers were led to create meaningful questions for their classes, joining the technical structure to interesting contents and making an appropriate use.
During the experiences some criticisms by students and teachers have been collected. They mainly concern technical details about the use of an AAS. In particular, some students complained that "it was difficult to type the correct answers into the computer in order to make them accepted". It happened mainly in the third experience, probably because teachers, less friendly with the AAS, didn't give enough information to students about the correct syntax, or they made some mistakes in writing grading codes. These problems can be overcome with experience, both by teachers and by students. Actually, many times even when instructions are clearly evidenced near the response areas, students skip them without reading them. Moreover, reading and following instructions are important matters that students should learn, if possible before graduating and entering in the working world and in adult society. Digital technologies, with their inner "rigidity" in accepting inputs to elaborate outputs, can have a fundamental role in this aspect of education.
Other students complained that tests are difficult to attempt using a smartphone, as mathematical language was quite difficult to write and some interactive components couldn't be activated on smartphones' operating systems. This is due to the fact that not all students have a computer or a tablet with internet connection available when studying, especially younger students living in poor social contexts, who would benefit from these methodologies. It must be said that having a computer has become more and more common in recent times, even in families with economic problems, thus the number of students who are cut off from the possibility to access web-based materials from home will soon be zeroed. From data of the third experimentation, we can notice that 13% of students didn't use the automatic assessment. Only a small percentage of these students filled the final questionnaire. According to their teachers, they weren't those without internet connection at home, but those students who never do their homework, never get prepared for class tests, those who remain uninterested by school. If a little motivated student tries to do the online exercises, then the formative automatic assessment will have a chance to show him that it can be useful to improve or that he will get less bored this way than with paper and pen homework. But if students don't even try to open one, then it isn't the formative assessment that failed, but the instructional system which allows to leave one student behind. The model of formative automatic assessment is undergoing a wide diffusion among Italian and European teachers through actions and projects of teacher training [16] . Future development of this research aims to study at a larger scale the usefulness of automatic assessment to promote learning. Moreover, the use of Maple TA according to the model has recently been adopted also in humanistic disciplines, such as Foreign Languages and Latin. In fact, algorithms and grading codes can be implemented not only with numbers and formulas, but also with words and phrases, for the creation of interesting and meaningful questions.
